In this study, whole wheat bread (WWB) prepared by whole wheat flour (WWF) which its branny fraction (35 ± 1% w/w whole flour) previously was stabilized with different processes. These fractions were stabilized using autoclave (AU), microwave (MW), infrared (IR) and ultraviolet-C (UV-C) methods. Then, WWF obtained by remixing of stabilized branny fraction (35 ± 1% w/w) and wheat flour (65 ± 1% w/w) of same wheat samples. The WWF samples were used in breadmaking. As parameters, the external (loaf weight, volume, specific volume, crust color) and the internal (crumb color and hardness) properties of the WWB were measured. The increase in strongness of wheat gives WWB with desirable quality characteristics, besides the stabilization processes enables to produce bread having higher loaf volume, crust redness, crumb lightness and crumb softness. As a result of this study, all stabilization processes had an improving effect on external and internal properties of WWB. The best results were obtained by AU and MW stabilization methods.
Introduction
Bread and bakery products have an important role in human nutrition all over the World. Generally, wheat bread is considered to be a good source of energy and irreplaceable nutrients for human body. This is especially true for the products made from whole wheat flour or high-yield flour types (Skrbic and Filipcev, 2008) . In breadmaking, the presence of bran and germ deteriorates the rheological properties of dough, lowers loaf volume of bread, increases crumb hardness, darkens crumb appearance and gives different flavor profiles of whole wheat breads from those of white flour (Hung et al., 2007) . But recently the breads made with whole grain flour are more desirable by consumers than breads made with white flour (Boz et al., 2010) . Because, consumption of whole grains, which are rich in dietary fiber, resistant starch, vitamins, minerals and micro constituents, have been reported to have a number of beneficial health effects including reduced risk of cancer, cardiovascular disease and obesity (Slavin et al., 2001) . Especially dietary fiber, antioxidant and phenolic components like most nutritive ingredients are chiefly present in the bran layers and germ of the wheat kernel (Beta et al., 2005; Sudha et al., 2007) . However, wheat germ has poor shelf life due to the presence of unsaturated fatty acids, and oxidative and hydrolytic enzymes, rendering the product highly susceptible to rancidity (Rizzello et al., 2010) . Also shelf-life of wheat germ is restricted to 6-8 weeks because of insect infestation (Marathe et al., 2002; Vadivamdal et al., 2007) . In literature, there are some studies about the effect of different stabilization process, microwave, autoclaving steaming, roasting, toasting, infrared heating, packaging and antioxidant treatment on bran or germ fraction of wheat kernel . Few of the processes pertaining to the treatment of wheat germ towards its stabilization are patented .
In this study branny fractions of two different strong types of Bezostaja-1 wheat were fine ground and stabilized by using some physical treatment methods such as; autoclave (AU), microwave (MW), infrared (IR) and ultraviolet-C (UV-C) versus the control. Then, the treated "branny fractions" Thus, stabilized WWF (100% extraction ratio) was obtained. A part of wheat used in the assay were assumed as control group after being applied the same grinding process and without being stabilized.
Stabilization methods • Autoclave (AU) stabilization Each batch, consisted of 100 g of branny fractions, were put in autoclavable bags, and steamed in AU at 121℃ for 15 min.
• Microwave (MW) stabilization Each batch consisted of 100 g of branny fractions were put in a glass plate to achieve 3 mm height and subjected to thermal process using MW-oven (Arçelik ARMD-580 oven, İstanbul, Türkiye) at 750 watt and 70℃. Stabilization process was carried out by allowing the branny fractions in a glass plate to keep in the MW-oven for 1 min after their temperature level reached to 70℃.
• Infrared (IR) Stabilization Each batch consisted of 100 g of branny fractions were spread on a glass table with dimensions of 0.2 × 20 × 20 cm to achieve 3 mm of height and subjected to thermal process using IR-lamp (Philips, IR-250R 250 W lamp, Eindhoven, Holland) to reach 70℃ of internal temperature of the materials. Then, they were kept further at this temperature level for 1 min to achieve IR stabilization. In order to apply the thermal process to underside of the materials, approximately 1 cm 2 of gaps were left. A mirror apparatus having the same dimensions was placed under the glass table.
• Ultraviolet (UV-C) stabilization Each batch was are remixed with the separated "white flour" of same wheat samples and "whole wheat flour" is regenerated. Following this process, whole wheat bread was made from whole wheat flour. Whole wheat bread were analyzed to determine their some bread properties as weight, volume, specific volume, color (crust and crumb) and hardness (24 th hr and 72 nd hr).
Materials and Methods
Materials Two different strong (medium and high strong) Bezostaja-1 (hard red winter wheat) wheat materials obtained from a local commercial flour mill (Alaybeyi Flour Mill, Konya, Turkey) . Properties of wheat samples are given in Table 1 . As seen in Table 1 , Bezostaja-1 (B) is red and strong wheat in good bread making quality.
Stabilized WWF production Wheat samples were milled on a lab-roller flour mill (Chopin CD 1, Chopin Technologies, Villeneuve La Garenne, France) at 65 ± 1% "wheat flour" extraction rate. After this processing, the remaining milling fractions called as "branny fractions" containing germ, coarse and fine bran, and a small amount flour. These fractions were milled into fine material on a hammer mill (FN-3100 Laboratory Mill, Perten Instruments AB, Huddinge, Sweden) with 500-micron-sieve opening. On these materials, four different stabilization treatments (AU, MW, IR and UV-C) were applied. To prepare the remix flour, the fine ground and heat treated "branny fractions" (35 ± 1% w/ w) and wheat flour (65 ± 1% w/w) were mixed thoroughly. Table 1 . Quality characteristics of Bezostaja-1 whole wheat flour.
Parameters
Bezostaja-1 (A) upon completion of second fermentation. The proof time was 50 min. Fermented doughs were baked in an oven (Arçelik ARMD-580 oven, Istanbul, Turkey) for 15 min at 250 ± 5℃. The breads were cooled at room temperature for 1 h and then packed in sealed bags and stored at room temperature for the analyses. Loaf weight, volume and specific volume of the samples were determined according to American Association for Cereal Chemists (1990) . At the 24 th and 72 nd h of storage at room conditions, the crumb hardness of bread samples was measured as Newtons per square centimeter on texture analyzer using the procedure of Aydın and Öğüt (1985) . Statistical analysis TARIST (version 4.0, İzmir) software was used to perform the statistical analyses according to two way analysis of variance (ANOVA). Means that were statistically different from each other were compared by using Duncan's multiple comparison tests at 5% confidence interval. TARIST (version 4.0, İzmir, Turkey) software was used to perform the statistical analyses.
Results and Discussions
Analytical results The results of the analysis for the WWF of Bezostaja-1 are shown in Table 1 . Crude protein, crude fiber, wet gluten, gluten index values of Bezostaja-1 (B) flours were found higher than those of the Bezostaja-1 (A) flours. In addition, Bezostaja-1 (B) wheat samples were better than Bezostaja-1 (A) wheat samples in quality in term of Farinograph and Extensograph parameters.
External bread properties • Loaf weight, volume and specific volume The effects of wheat cultivar and stabilization method on some external physical bread properties are summarized in Table 2 and  3. According to Table 2 , wheat cultivars and stabilization spread on a flat surface as described in the IR stabilization method and subjected to UV-C using UV-lamp (30 W, 254 nm) for 3 min.
Proximate analysis The AACC International methods were used for the determination of moisture (method 44-19), crude ash (method 08-01), crude fat (method 30-25), crude fiber (method 32-10), and crude protein (method 46-12) contents of the WWF samples (AACC, 1990) . For determination of gluten quality of the WWF, wet gluten (ACCC International method 38-12), gluten index (AACC International method 38-12) and Zeleny sedimentation (ICC method 116/1) tests were used. The color parameters "L*", "a*" and "b*" were obtained by using Hunter Lab Color Quest II Minolta CR 400 (Konica Minolta Sensing, Inc., Osaka, Japan). The color measurements were determined according to the CIELab color space system (Francis, 1998) . Color was expressed as L* (whiteness / darkness), a* (redness / greenness), and b* (yellowness / blueness). Values are the mean of three determinations. In the measurements of the rheological properties of the WWF, farinograph (ICC method 115/1) and extensograph (ICC method 114/1) are used according to ICC standard methods (ICC, 2002) .
Bread-making WWB samples were obtained by the modification of AACC International method 10-10B (AACC, 1990) . In formulation of WWB, 100 g WWF, 3.0 g bakers yeast, 1.5 g salt were used as standard ingredients. All ingredients and water (variable) were kneaded in a Hobart mixer (Hobart N50, Canada Inc., North York, ON, Canada). Fermentation times were used as bulk fermentation for "30 + 30" min and for proofing 50 min. The first fermentation was for 30 min, and after the punching, the doughs were fermented for another 30 min. Molding and panning were performed • Crust Color Table 3 shows the changes in the crust color of the WWB samples. Wheat cultivar and stabilization method were found significant on crust color parameters. In crust color, higher "a*" (11.83) and "b*" (21.10) values by Bezostaja-1 (B), higher "L*" (56.28) value by Bezostaja-1 (A), were given than the other cultivar. WWB made from Bezostaja-1 (B) gave darkest and yellowish crust color. When compared with the control sample, all stabilization methods gave higher crust redness (a*), but significantly (P < 0.05) gave lower crust lightness (L*). The most distinctive effect was observed with AU and MW applications which have higher heat penetration properties. Its reason could be due to Maillard reaction (non-enzymatic browning) and caramelization products (Pyler, 1988; Elgün et al., 2011) .
Effect of Stabilization Treatments of Branny Fractions on Whole Wheat Bread
Internal bread properties • Crumb Color As seen in Table 2 , wheat cultivar and stabilization methods were found significant on crumb color of the WWB. L*, a* and b* values of whole wheat bread produced from Bezostaja-1 (A) were determined as 52.75, 5.58 and 16.31, respectively; while these values were 53.22, 6.15 and 14.68, for whole wheat bread produced from Bezostaja-1 (B) which has stronger characteristic properties (Table 4) (Table 4 ). AU and MW applications revealed the most satisfying results in terms of crumb color values. The treatments which improve loaf volume and texmethods showed a significant effect loaf weight, volume and specific volume of the WWB samples. The average volume values of WWB made from Bezostaja-1 (A) and Bezostaja-1 (B) were 355.00 cm 3 and 422.00 cm 3 , respectively (Table 3) . Its reason could be higher content of protein and gluten content of Bezostaja-1 (B) ( /g) ( Table  3 ). Wheat germ and bran which are glutathione-rich branny fractions with reducing properties, lead to decrease in the loaf volume of bread. In this case, the increase in loaf volume can be attributed to the destruction of glutathione due to stabilization process (Table 3) . Heat process is known to strengthen gluten due its antiproteolitic effect (Pomeranz, 1988) . Here likewise by application of stabilization proteases were inactivated and thus wheat gluten gained a more firm structure. MW and AU processes had more antiproteolitic effects due to their higher penetration efficiency when compared to the other stabilization processes. Besides the higher temperatures of AU process were also effective on this. One minute of process time showed lower antiproteolitic effect because of superficial efects of IR and UV-C processes. Many researches in literature shows that thermal and radiation processes increase the loaf volume and specific volume (Türker and Elgün, 1998; Gelinas et al., 2001; Elgün et al., 2011) . internal properties of WWB as well as strongness wheat. As a conclusion, all of the factors mostly influencing gluten and protein quality were improved depending on the changes in dry matter ratios resulting from higher penetration efficiency of AU and MW applications.
ture generally increase crumb lightness (Elgün and Ertugay, 1995) .
• Crumb hardness As shown in (Table 4) . Kotancılar et al. (2000) reported that bread is softer when the wheat used in bread making is stronger.
As (Table 4) . The most possible reason of this could be the increase in loaf volume due to the improvement of flour properties which are effective on protein quantity and quality, thereby softening effect of loaf volume increase on crumb structure (Maleki et al., 1980; Kotancılar et al. 2000) .
Conclusion
In this study, various properties of WWB made from stabilized branny fractions of Bezostaja-1 wheat were studied. Generally, stabilization methods improved external and 
